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rALU Emulator

Data - ALY —

* rALU-Emulator

« emulation with 68020

+ 1024 bit wide shift-register as scan

window

* reprogrammable

* one operation at a time

+ an optimized read/write strategy can be used
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FPGA based rALU

t1 11 1] eAlgotronix CAL 1024

«| Cell | Cell | Cell e
Fue et Fraudi Furcaion|
R .l | B e | B L —»

T 171 13

+—f Cell le—1 Cell le—{ Cedl e
— o™ ot [ b—n{ [B "} |—>
‘[ l T l T l * sea-of-gates structure, fine grained
+— Cell e | Call | Call —
__{reoiol | f{rwaeal] ] | # Function Unit:

- 2 input 1 output comb. logic function
- 4 kinds of D-Latches

« 2 global signals to all cells without passing multiplexers
(e. g. for clocks} and nearest neighbour connections

* 32 x 32 cell design, 144 pins, 245 pounds per chip

» example implementation: counter 50 MHz
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FPGA hased rALU

__[j[g___ ]

o

 XILINX XC4000 (XC3000, XC2000)

» symmetrical array structure, coarse grained

* Function Unit: - 2 independent 4 input FUs
- 2 output comb. 2 registered

* single-length, double-length, longlines, all metal

« fast arithmetic carry, FU can be used as RAM, wide
decoders

« 18 x 18 (30 x 30, XC4020) CLB matrix, 936 (2280) flip-
flops, 144 (240) 10Bs, 1200 DM per Chip

» example implementation: 16-bit Adder/Subtractor 38 MHz,
9 CLBs; 16-bit loadable counter 30 MHz, 16 CLBs
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connection
switch

FPU
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o AT .

FPGA based rAlLU

» AT&T: Optimized Reconfigurable Cell
Array (ORCA)

[T
Ooio

» symmetrical array structure, coarse grained
e Function Unit: -4 x4 or2x 5 or 1x 6 input FUs
- 5 output, 4 registered

* support for large data manipulations (a 16 bit adder
requires only 4 blocks)

* support tor wide data registers

» support for flexible, on-chip application memories (16 x 4
memory in one cell)

« fast carry circuit
» direct mapping of XC3000 to ORCA
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FPGA based rALU

* APTIX AX1024D / AX1024R

* Field Programmable Interconnect Components (FPIC)
* AX1024D with 64 diagnostic pins
» 32 x 32 pin matrix (1024 pins)

« bidirectional I/Os (120 Q / 20 pF)

* 0.8 p CMOS, over 1M transistors, signal range 0.5V
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FPGA based rALU

Producer

Name/Paris

Programming Environment

IDA
Supercomputing
Research Center
1992

SPLASH2
»17x XC 4010 =+ ix Crossbar per Modul
s up to 16 Moduls =« SBus

= Programming Models

- SIMD

- 1 dim. Pipelined Systolic Model

- several higher dim. systolic Models

« VHDL with several handmade tools

« dBC (Data Paralle! Bit Setial C) to VHDL

Virtual Computer

Virtual Computer

» only XILINX and I-Cube tools

Corporation + 52X XC 4010  « 24x I-Cube 1Q160 array

1992 » SBus

ao G200 = Compiled DSP code or FPGA functions
Giga Operations [« 8x 210( DSPs  » 14 MB DRAM can directly be called from host software
Corporation » 7x XC4000 FPGAs connected together with | « Parametlers can be passed or functions
1993 bus * |SA Bus to 386/486 PC can be called that exist in DSPs or FPGAs

G800 Motherboard
* max. 8 computing modules DSPMOD or

PGAMOD * VL Bus
DSPMOD » 4x DSPs

* 4 MB DRAM » FPGA Interface
PGAMOD + 1x DSP

» 4% XC4000 * FPGA Interface

from C

« FPGA function can be created in Giga C,
Orcad, VHDL or XILINX tools
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FPGA based rALU

* FPGA-rALU

t MoM-Bus >
4 : 4 » XILINX XC 4008
conf. reg.E reg./drv. stall.is“l
=, control . . )
T | ‘ * Floating-point ALU, Mult./Div.
3 4+ . 9 variable
4 h 4 h h 4 fi o]] : :
[ /am){rp a] rog./dre][ o0 Jare] reconfigurable | s variable reconfigurable clock

h 4 r h A h 4 |

> XILINX XC 4008

h ¥ ¥
fregsdrv) [regidivf  [reg./dvE

h

\ 4 ALU-ctrl
~

ALU + Mult./Div. NS

4
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Data-Driven rALU

* Reconfigurable
Datapath Architecture
(DPA)

« 32 bit datapath

. * partial reconfigurability

* scalable to arbitrarily large arrays

« rapid prototyping of high speed
datapaths

serial to parallel converter datapath unit
parafiel to serial convetter ——= register conirol

» data-driven reconfigurable ALU for
Xputers
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Data-Driven rALU

=¥ o Control for the Reconfigurable

=
%
£

itecture (DPA)

Datapath Arch

» 128 x 33 bit internal memory as register file

* micro-programmable control

}33
128 X 33 bit

wl{ DPA

Mem

—

ra
o

" uoyminbiuco

7
[+]

DPA-Address

cir-lines
Conbrol

g2

wey "IPPY

p421

thx 12 bit
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Data-Driven rALU

' scan_window (1, 5}; {1)

u i 1 X FF—r—BUtterﬂy next_handle (1, 0}; (2)
1 Example in real u, v, w; (3)

out real X, ¥; (4}

aux_var h; {5}

v ok oY h =v ' w /178, {6)
N v: %:T él
u

ES

1S
=
fo TR | I

; (9}

u + h; /18, (7
b) o)

W U
X
y u - h; //83 (B)
wl o u
u® _ T "

g
!

s
@‘ d) w! e) g f) g
o
5 ! 0 0.0 ““é‘l" 4 -
@ | U’ v W vi-wl vi-w!
‘ *h 1 1
| ul} . VO WO u u
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f e Data-Driven rALU
1 |rw?|r v wxOwy evt [rw![rut]rut] woxlwyt
control code for the mult? . . T A -
memory address generator fadd | add_
START: waitaddr; (1) iSUb gub
read (0, 1); v 2) 1 2 8 4 5 6 7 8 g 10 #1 12 13 14 156 16
read (0, 0); /hw (3 i_-{'
read (0, 2); /ia (4]
waitralu; (5}
oeite (0 4); /% ) normal parallel
write (0, 3);  //y (1) execution
goko START; (8)
control code for the DPA-rALU int. Mem. Addr.
Instrucktion Comm. Addr. DPA read write XD
MoM-Bus -> DPA_mAck v i} - - {1
MoM-Bug -» DPA_mhdck W 1 - - {2) yO
MoM-Bus -» DPA olAck u 2 - - {3 u
MoM-Bus -» DPA_mAcK u 3 - - t4)
DPA -> MoM-Bus x 4 - - (5 S0
DPA -» MoM-Bus ¥ 5 - - (6) v
end - - - - (M | wo
X
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Data-Driven rALU

pipelined

wOw O rul [rut rv? [rw?[wxlwy! g
mutt! mult? | execution
add!
sub sub’ control code for the
i 2 3 4 65 6 7 8 ©§ 10 11 12 13 14 15 16
- memory address generator
t START: waitaddr; (1)
e — read {1, 1}; //vi{0} (2)
x1 read {1, 0);  //w{Q) (3)
waitralu; {4}
y! _ SHORT: read (1, 2); //u(n-1) (5)
i a T ifend FWRITE; (6)
: u waitaddr; (7}
? W read (1, 1}; f/vin) (8}
y read {1, 0}; /fw(n) (%)
t ! w9o waltralu; {10}
X: write (0, 4); ff=in-1) {11}
*-—p write (0, 3); /vy (n-1) (12}
w u goto SHORT; (13)
FWRITE: shi ft; (14}
v write (0, 4); f/x(N) ; {15)
write (0, 3); /1y (N} ; {16)
U =Y goto START; {(17)
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Data-Driven ralU

control code for the DPA-rALU

Instruction

pipelined execution

LOOPST:

MoM-Bus - DPA_mAck
MoM-Bus -> DPA_mack
Addr_incr two
MoM-Bus -»> DPA_oAck
MoM-Bus —-> DPA_mAck
MoM-Bus -> DPA_mack
MoM-Bus -> DPA_mAck
DPA ->» MoM-Bus
DPA -» MoM-Bus
MoM-Bus -> DPA_ocAck
MoM-Bus -> DPA_mAck
ifshift goto LOOPST
Addr_incr_Lwo

DPA —-» MoM-Bus
DPA -> MoM-Bus
end

w
W

ELM KM T e L

int. Mem., Addr.

Comm. Addr. DPA read write
0 — -
1 . -
4 - -
5 - -
0 — —
1 — —
2 — —
3 - -
4 - -
5 _ -
2 — —
kY - -

[

(1)
{2)
{3)
{4)
(5)
{6)
{?7)
{8)
{2}
{10}
{11}
(12}
(13)
(14)
(15)
(16)
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[, Data-Driven rALU

et

e 0 e wo 7 vt frwt [ru® T ru®Te ul [ru! [wxw y®fwxfwyl[rv2 [rw?|rv3]rwd para“_el execution
mult® mutf® | with more
e hardware resource
sub?
rault!
add!
| supl
e memory address generator
START: waitaddr; {1}
read {0, 1}; F7vi(0) (2]
read (0, 0); /7w (0) {3}
read (1, 1); f/vi(1) (4}
read (1, 0}; Frw(1) (5}
read {0, 2}: J/u(o) (6}
read {1, 2}; Jra(l) {7}
waitralu; {8}
write (0, 4}; //x(0) (9}
write (0, 3); Jiv(0) {10}
write (1, 4); Fix(1} {11}
write (1, 3); /iy {1) {(12)
goto START; {13)
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Data-Driven rALU
usage of the time steps

hardware for one
= butterfly
_ B ovw [TTTIOII 48 %
g5 5 mu 64 % 25
EL§ au i 4%
& su ]
° 24B6802468B024680246R0024686024680248680
2 3 4 5 6 7
L~ =3 — - .
9S W IERIEEEE | 75%
EE  mul : ) 100 %
28 add 6% 16
a5 sub [LEITTEEE 6%
246B024680246802468B0246820 68024680
1 2 3 4 5 6 7
= § thw ] TRt | - N B [ |-»T:Hw‘w whe 100 %
22 mul 44 %
Eg add 3%
g5 su 3% 12
Hom mul 44 %
g2 add ] 3%
5 sub ] 1%
2.8 mull 44 %
B & add 3%
Eg sub 3%
R 2468024680246802468024680246802468¢0
1 2 3 4 ] 6 7
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Data-Driven rALU

Conditions

Example:
if {a < bl {1)
if (a > ¢} (2)
¥=u + V' oW {3}
else {4}
¥ =u- w W {5)
elze (6)
X =V 'W+Y " Z; (7

bza
selection with condition bit
« condition bit equal zero: no evaluation, resuit not valid
« condition bit equal one: evaluation, result valid
rALU Architectures for the Xputer Prototype MoM-3 _ -21-
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Data-Driven rALU
Delay Operator

Infinite Impulse Response Filter

N N

¥n = Z Py _ g~ E EN—k
E=0 F=1

e,
.

‘external feedback
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Data-Driven rALU

Parallel Prefix or Scan Operators
e. g. add-scan

A[]1={1,4,7.2,6,0, 3}

+-scan(A) ={1, 5, 12, 14, 20, 20, 23}

other scan primitives, e. g.:
max-secan, min-scan, and-scan, eic.

example:

; . n=0 forix] < =
3 4
@ e :1+x+‘r—2+£~+§-,+£+...

OO @HOe o

Hardware Bubble-Sort with max-scan
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Data-Driven rALU

* DPA-rALU imple-
mented in FPGAs

=

¢ variable bit datapath

* operators can be implemented in
parallel if necessary

AR

* programmable by standard

rrslilvs

H s  synthesis tools
i DHH *one FPGA for control and
register file
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y /J Conclusions

rALU Emulator

O sequential emulation with optimized loading strategy for
horizontal and vertical overlapping scan windows

FPGA based rALU

O  any algorithm can be implemented
O  good for bit level operations and pattern matching

Data-Driven rALU

O parallel and pipelined evaluation of statements possible

O optimized loading strategy for all overlapping scan windows
O fast and automatic development system will be available
O concept can be implemented in FPGAs
= operator optimization possible
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